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(57) ABSTRACT 

A dual polysilicon gate of a semiconductor device includes a 
Substrate having a first region, a second region, and a third 
region, a channel region with a recessed structure formed in 
the first region of the Substrate, a gate insulating layer formed 
over the substrate, a first polysilicon layer filled into the 
channel region, and formed over the gate insulating layer of 
the first and second regions, a second polysilicon layer 
formed over the gate insulating layer of the third region, and 
an insulating layer doped with an impurity, and disposed 
inside the first polysilicon layer in the channel region. 

17 Claims, 26 Drawing Sheets 
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DUAL POLYSILICON GATE OFA 
SEMCONDUCTORDEVICE WITH A 

MULTI-PLANE CHANNEL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present invention is a divisional of U.S. patent appli 
cation Ser. No. 1 1/618,779, filed on Dec. 30, 2006, now U.S. 
Pat. No. 7,629,219, which claims priority of Korean patent 
application number 10-2006-0097296, filed on Oct. 2, 2006, 
both of which are incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to a fabrication method of a 
semiconductor device, and more particularly to a dual poly 
silicon gate of a semiconductor device having a three-dimen 
sional multi-plane channel and a fabrication method thereof. 

With the increase in the scale of integration of a semicon 
ductor device, there is a need for a sub-100 nm memory array 
transistor. The sub-100 nm transistor has very low threshold 
voltage due to the short channel effect, and thus the retention 
time is drastically decreased. 

To solve the above limitation, a recessed channel array 
transistor (RCAT) has been developed. This RCAT has a long 
retention time because the channel length is longer than that 
of a typical planar type transistor. 

In recent years, a dual polysilicon gate (DPG) process is 
being used for improving on/off-current characteristics (Ion/ 
Ioff) of a logic device as well as retention characteristics from 
those of the RCAT. Particularly, in a device having a 3-dimen 
sional memory cell transistor Such as an RCAT, when 
employing a typical dual ion implantation where phospho 
rous (P) and boron (B) ions are implanted into NMOS and 
PMOS transistors, respectively, the doping concentration in 
the polysilicon under the recessed channel is too small, and 
this fact causes polysilicon depletion to occur. Therefore, the 
DPG process is used so that polysilicon doped with low 
concentration phosphorous is deposited, and thereafterboron 
ions with very high dose (e.g., beyond 1E16/cm) are 
implanted into the PMOS region. Herein, such an implanta 
tion is so called a converted DPG or a counter doping. 

FIGS. 1A to 1C illustrate a typical method of forming a 
dual polysilicon gate. 

Referring to FIG. 1A, a device isolation structure 12 is 
formed in a Substrate 11 where a cell array region and a 
peripheral circuit region are defined. Here, the peripheral 
circuit region includes a peripheral NMOS region and a 
peripheral PMOS region. A hard mask layer is formed on the 
resultant structure, and patterned to form a hard mask pattern 
13 defining a recessed channel region in the cell array region. 
The substrate 11 of the cell array region is etched using the 
hard mask pattern 13 as an etch barrier to thereby form a 
recessed channel region 14 in a trench shape. 

Referring to FIG. 1B, the hard mask pattern 13 is removed. 
After forming a gate insulating layer 15 on the resultant 
structure, a phosphorous-doped N+ polysilicon layer 16A is 
deposited on the gate insulating layer 15 until it fills the 
recessed channel region 14. A photoresist layer 17 is formed 
covering the cell array region and the peripheral NMOS 
region. Boron (B) ions 18 are implanted into the N+ polysili 
con layer 16A of the exposed peripheral PMOS region to 
form a P+ polysilicon layer 16B. 

Referring to FIG. 1C, after the photoresist layer 17 is 
removed, a high-temperature thermal treatment 19 is per 
formed to form the phosphorous-doped N+ polysilicon layer 
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2 
16A in the cell array region and the peripheral NMOS region, 
and form the boron-doped P+ polysilicon layer 16B in the 
peripheral PMOS region. However, when doping boron ions 
according to the typical method, a very high dose boron ion 
implantation is required (e.g., beyond 1E16/cm) because the 
heavily doped P+ polysilicon layer 16B should be formed by 
implanting boron ions into the phosphorous-doped N+ poly 
silicon layer 16A. 
When forming the P+ polysilicon layer 16B by implanting 

high-dose boron ions, the curing of the photoresist layer 17 
used in the ion implantation is intensified. As a result, it is 
difficult to strip the photoresist layer in a following process. 
Accordingly, this difficulty causes residue from the photore 
sist layer to remain even after the cleaning process, and on top 
of that the residue reacts with the metallic material deposited 
on the polysilicon layer. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention are directed towards 
providing a method for forming a dual polysilicon gate of a 
semiconductor device having a multi-plane channel capable 
of forming a dual polysilicon gate with low dose ion implan 
tation. 

In accordance with an aspect of the present invention, there 
is provided a dual polysilicon gate of a semiconductor device, 
including: a Substrate including a first region, a second region, 
and a third region; a channel region with a recessed structure 
formed in the first region of the Substrate; a gate insulating 
layer formed over the substrate; a first polysilicon layer filled 
into the channel region, and formed over the gate insulating 
layer of the first and second regions; a second polysilicon 
layer formed over the gate insulating layer of the third region; 
and an insulating layer doped with an impurity, and disposed 
inside the first polysilicon layer in the channel region. 

In accordance with another aspect of the present invention, 
there is provided a method for forming a dual polysilicon gate 
of a semiconductor device, the method including: forming a 
channel region with a recessed structure in a first region of a 
Substrate having the first region and a second region; forming 
a gate insulating layer over the Substrate; forming a first 
polysilicon layer over the gate insulating layer, forming an 
insulating layer doped with a first impurity over the first 
polysilicon layer of the first region; diffusing the first impu 
rity of the insulating layer into the first polysilicon layer of the 
first region through a first thermal treatment; leaving the 
insulating layer remaining over the first polysilicon layer 
inside the channel region; forming a second polysilicon layer 
over the insulating layer and the first polysilicon layer; 
implanting a second impurity into the second polysilicon 
layer of the second region; and forming a polysilicon layer 
doped with the first impurity in the first region, and simulta 
neously forming a polysilicon layer doped with the second 
impurity in the second region through a second thermal treat 
ment. 

In accordance with still another aspect of the present inven 
tion, there is provided a dual polysilicon gate of a semicon 
ductor device, including: a Substrate including a first region, 
a second region, and a third region; a channel region with a 
protrusion structure formed in the substrate of the first region; 
a gate insulating layer formed over the Substrate; a first poly 
silicon layer filled into the channel region, and formed over 
the gate insulating layer of the first and second regions; a 
second polysilicon layer formed over the gate insulating layer 
of the third region; and an insulating layer doped with an 
impurity, and disposed inside the first polysilicon layer in the 
channel region. 
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In accordance with yet another aspect of the present inven 
tion, there is provided a method for forming a dual polysilicon 
gate of a semiconductor device, the method including: form 
ing a channel region with a protrusion structure in a first 
region of a substrate having the first region and a second 
region; forming a gate insulating layer over the Substrate; 
forming a first polysilicon layer over the gate insulating layer, 
forming an insulating layer doped with a first impurity over 
the first polysilicon layer of the first region; diffusing the first 
impurity of the insulating layer into the first polysilicon layer 
of the first region through a first thermal treatment; leaving 
the insulating layer remaining over the first polysilicon layer 
outside the channel region; forming a second polysilicon 
layer over the insulating layer and the first polysilicon layer, 
implanting a second impurity into the second polysilicon 
layer of the second region; and forming a polysilicon layer 
doped with the first impurity in the first region, and simulta 
neously forming a polysilicon layer doped with the second 
impurity in the second region through a second thermal treat 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1C illustrate a typical method of forming a 
dual polysilicon gate. 

FIG. 2 illustrates across-sectional view of a semiconductor 
device having a dual polysilicon gate in accordance with a 
first embodiment of the present invention. 

FIGS. 3A to 3I illustrate a method of forming the dual 
polysilicon gate in accordance with the first embodiment of 
the present invention. 

FIG. 4 illustrates across-sectional view of a semiconductor 
device having a dual polysilicon gate in accordance with a 
second embodiment of the present invention. 

FIGS. 5A to 5I illustrate a method of forming the dual 
polysilicon gate in accordance with the second embodiment 
of the present invention. 

FIG. 6 illustrates across-sectional view of a semiconductor 
device having a dual polysilicon gate in accordance with a 
third embodiment of the present invention. 

FIGS. 7A to 7H illustrate a method of forming the dual 
polysilicon gate in accordance with the third embodiment of 
the present invention. 

FIG. 8 illustrates across-sectional view of a semiconductor 
device having a dual polysilicon gate in accordance with a 
fourth embodiment of the present invention. 

FIGS. 9A to 9H illustrate a method of forming the dual 
polysilicon gate inaccordance with the fourth embodiment of 
the present invention. 

FIG.10 illustrates a cross-sectional view of a semiconduc 
tor device having a dual polysilicon gate in accordance with a 
fifth embodiment of the present invention. 

FIG. 11 illustrates a cross-sectional view of a semiconduc 
tor device having a dual polysilicon gate in accordance with a 
sixth embodiment of the present invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

The following embodiments relate to a method of forming 
a dual polysilicon gate of a semiconductor device having a 
multi-plane channel. In these embodiments multi-plane chan 
nel structured transistors such as a recessed channel array 
transistor (RCAT), a bulb-type recess channel array transis 
tor, a fin-like field effect transistor (FinFET), or a saddle 
FinFET are formed in a cell array region, and planar transis 
tors are formed in a peripheral circuit region. 
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4 
FIG. 2 illustrates across-sectional view of a semiconductor 

device having a dual polysilicon gate in accordance with a 
first embodiment of the present invention. In the semiconduc 
tor device of the first embodiment, an RCAT is formed in a 
cell array region, and a planar transistoris formed in a periph 
eral circuit region. 
As illustrated, a device isolation structure 22 is formed for 

isolating regions in a Substrate 21 where a cell array region, a 
peripheral NMOS region, and a peripheral PMOS region are 
defined. Here, NMOSFETs are formed in the cell array region 
and the peripheral NMOS region, and PMOSFETs are 
formed in the peripheral PMOS region. 
A recessed channel region 24 having a trench shape is 

formed in the Substrate 21 of the cell array region, and a gate 
insulating layer 25 is then formed on a surface of the substrate 
21 including the recessed channel region 24. Herein, both 
sidewalls and the bottom surface of the recessed channel 
region 24 act as channels so that the recessed channel region 
24 provides a multi-plane channel. The gate insulating layer 
25 includes at least one selected from the group consisting of 
a siliconoxide (SiO) layer, a silicon oxynitride (SiON) layer, 
a silicon nitride (SiNa) layer, a hafnium silicate layer and a 
hafnium silioxynitride (Hf Si O N) layer. 
An N-- polysilicon layer 104A filling the recessed channel 

region 24 is formed over the cell array region and the periph 
eral NMOS region. A P+ polysilicon layer 104B is formed 
over the peripheral PMOS region. Here, the N+ polysilicon 
layer 104A is a phosphorous (P) heavily doped (N+) polysili 
con layer (hereinafter, referred to as P-doped N+ polysilicon 
layer), and the P+ polysilicon layer 104B is a boron-heavily 
doped (P+) polysilicon layer (hereinafter, referred to as 
B-doped P+ polysilicon layer). 

Inside the N+ polysilicon layer 104A in the recessed chan 
nel region 24, a phosphorous silicate glass (PSG) pattern 27B 
is formed. Herein, the PSG pattern 27B is an insulating layer 
doped with phosphorous, and has a phosphorous concentra 
tion ranging from approximately 1% to approximately 20%. 

In the first embodiment, a gate electrode is formed from the 
P-doped N+ polysilicon layer 104A in both the cell array 
region and the peripheral NMOS region, and a gate electrode 
is formed from the B-doped P+ polysilicon layer 104B in the 
peripheral PMOS transistor, which makes up a dual polysili 
congate (DPG) structure. The phosphorous and boron ions 
with doses of at most 1E16/cm are implanted into the 
P-doped N+ polysilicon layer 104A and the B-doped P+ 
polysilicon layer 104B, respectively. 

FIGS. 3A to 3I illustrate a method of forming the dual 
polysilicon gate in accordance with the first embodiment of 
the present invention. Referring to FIG.3A, a device isolation 
structure 22 is formed in a substrate 21 where a cell array 
region, a peripheral NMOS region and a peripheral PMOS 
region are defined. Here, NMOSFETs are formed in the cell 
array region and the peripheral NMOS region, and PMOS 
FETs are formed in the peripheral PMOS region. The device 
isolation structure 22 is formed by a typical shallow trench 
isolation (STI) process. 

After forming a hard mask layer on the resultant structure, 
the hard mask layer is patterned to form a hard mask pattern 
23 defining a recessed channel region in the substrate 21 of 
the cell array region. Here, the hard mask layer is formed of a 
dielectric material such as silicon oxide (SiO). 
The substrate 21 of the cell array region is etched using the 

hard mask pattern 23 as an etch barrier to form a recessed 
channel region 24 having a trench shape. Both sidewalls and 
the bottom surface of the recessed channel region 24 act as 
channels so that the recessed channel region 24 provides a 
multi-plane channel. 
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Referring to FIG.3B, the hard mask pattern 23 is removed. 
Specifically, the hard mask pattern 23 is removed by wet 
cleaning process using buffered oxide etchant (BOE) or 
hydrofluoric acid (HF) solution because the hard mask is 
formed of silicon oxide. Herein, the BOE solution is a solu 
tion in which NHF and HF are mixed. 
A gate insulating layer 25 is formed on the resultant struc 

ture including the recessed channel region 24. The gate insu 
lating layer 25 includes at least one selected from the group 
consisting of a silicon oxide (SiO2) layer, a silicon oxynitride 
(SiON) layer, a silicon nitride (SiNa) layer, a hafnium sili 
cate layer and a hafnium silioxynitride (Hf Si O N) 
layer. 
A first undoped polysilicon layer 26, which is not doped 

with impurities, is deposited on the gate insulating layer 25. In 
detail, the first undoped polysilicon layer 26 is conformally 
deposited on the gate insulating layer 25, wherein the thick 
ness of the first undoped polysilicon layer 26 should be 
smaller than half the width of the recessed channel region 24. 
The first undoped polysilicon layer 26 may be deposited to a 
thickness ranging from approximately 30 A to approximately 
500 A at a deposition temperature ranging from approxi 
mately 450° C. to approximately 650° C. 

Referring to FIG. 3C, a phosphorous-doped insulating 
layer 27 (e.g., a PSG layer 27) is formed over the first undoped 
polysilicon layer 26. In the PSG layer 27, the phosphorous 
concentration is in the range of approximately 1% to approxi 
mately 20%. 

Referring to FIG. 3D, a photomask process is performed on 
the PSG layer 27 to form a first photoresist pattern 28 expos 
ing the peripheral PMOS region. Whereas, the cell array 
region and the peripheral NMOS region are still covered with 
the PSG layer 27. 

The PSG layer 27 of the peripheral PMOS region exposed 
by the first photoresist pattern 28 is selectively etched. The 
PSG layer 27 is etched by a dry-etching or wet-etching pro 
cess, and thus a residual PSG layer 27A is left only over the 
cell array region and the peripheral NMOS region. 

Referring to FIG. 3E, the first photoresist pattern 28 is 
removed. A first high-temperature thermal treatment 100 is 
performed to diffuse impurities (i.e., phosphorous, see refer 
ence symbol P in FIG.3E) existing in the residual PSG layer 
27A into the first undoped polysilicon layer 26. Here, a ref 
erence numeral 101 denotes the diffusion direction of the 
phosphorous. 
As a result, the first undoped polysilicon layer 26 of the cell 

array region and the peripheral NMOS region is converted 
into a phosphorous (P) doped polysilicon layer 26A. On the 
contrary, the first undoped polysilicon layer 26 still remains 
over the peripheral PMOS region as it is not being doped with 
phosphorous. Therefore, an interface between the P-doped 
polysilicon layer 26A and the first undoped polysilicon layer 
26 is formed over the device isolation structure 22 disposed 
between the peripheral NMOS region and the peripheral 
PMOS region. 
The first high-temperature thermal treatment 100 for phos 

phorous diffusion is performed at a temperature ranging from 
approximately 600° C. to approximately 1,000° C. for 
approximately 10 seconds to approximately 60 minutes Such 
that the phosphorous sufficiently diffuses into the first 
undoped polysilicon layer 26 inside the recessed channel 
region 24. In addition, since the residual PSG layer 27A is 
formed on the first undoped polysilicon layer 26 inside the 
recessed channel region 24, phosphorous sufficiently diffuses 
around the bottom of the recessed channel region 24. 

Referring to FIG. 3F, a portion of the residual PSG layer 
27A which is higher than the P-doped polysilicon layer 26A 
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6 
is removed through a dry-etching or wet-etching process to 
expose the P-doped polysilicon layer 26A so that a PSG 
pattern 27B only remains inside the recessed channel region 
of the cell array region. Herein, the wet-etching process is 
performed using a chemical containing HF, and the dry-etch 
ing process is performed using a mixed gas of CF and O. 

Thus, the PSG pattern 27B has a shape that fills the 
recessed channel region 24 of the cell array region. The PSG 
pattern 27B will play a role in preventing a gap-fill failure 
when depositing a second undoped polysilicon layer. 

Referring to FIG. 3G, a second undoped polysilicon layer 
26B is formed on the resultant structure including the PSG 
pattern 27B and the P-doped polysilicon layer 26A. The sec 
ond undoped polysilicon layer 26B is deposited to a thickness 
ranging from approximately 100 A to approximately 2,000 A 
at a deposition temperature ranging from approximately 450° 
C. to approximately 650° C. By depositing the second 
undoped polysilicon layer 26B, the PSG pattern 27B has a 
shape that fills the inner space formed by the P-doped poly 
silicon layer 26A and the second undoped polysilicon layer 
26B. 

Referring to FIG.3H, a photomask process is performed to 
form a second photoresist pattern 29 selectively exposing the 
second undoped polysilicon layer 26B of the peripheral 
PMOS region. 
A boron ion implantation 102 is performed on only the 

second undoped polysilicon layer 26B of the peripheral 
PMOS region. Thus, the second undoped polysilicon layer 
26B of the peripheral PMOS region and the first undoped 
polysilicon layer 26 are converted into a boron (B) doped 
polysilicon layer 26C. However, the second undoped poly 
silicon layer 26B in the cell array region and the peripheral 
NMOS region is left intact. 

Herein, a dose of the boron ion implantation is at most 
1E16/cm. In particular, the dose of the boron ion implanta 
tion may range from approximately 3E15/cm to approxi 
mately 1E16/cm. Since the boron ion implantation is per 
formed only on the second undoped polysilicon layer 26B 
which is not doped with any dopant, it is unnecessary to 
perform a counter-doping, which is significantly different 
from the typical method. Therefore, it is possible to implant 
high concentration boron ions in spite of low doses ranging 
from approximately 3E15/cm to approximately 1E16/cm, 
which provides an advantageous effect of preventing the sec 
ond photoresist pattern 29 from being cured. 

Meanwhile, boron ions are also implanted into the first 
undoped polysilicon layer 26 which remains over the periph 
eral PMOS region as it is not being doped with phosphorous. 

Referring to FIG. 3I, the second photoresist pattern 29 is 
removed and a second high-temperature thermal treatment 
103 is then performed to form an N+ polysilicon layer 104A 
in the cell array region and the peripheral NMOS region, and 
form a P+ polysilicon layer 104B in the peripheral PMOS 
region. The second high-temperature thermal treatment 103 
may be performed at a temperature ranging from approxi 
mately 600° C. to approximately 1,000°C. for approximately 
10 seconds to approximately 60 minutes. 

In detail, by means of the second high-temperature thermal 
treatment 103, the phosphorous in the PSG pattern 27B and 
the P-doped polysilicon layer 26A diffuses into the second 
undoped polysilicon layer 26B evenly thereby forming the 
N+ polysilicon layer 104A uniformly doped with phospho 
rous in the cell array region and the peripheral NMOS region. 
Also, by means of the second high-temperature thermal treat 
ment 103, the boron in the B-doped polysilicon layer 26C and 
the first undoped polysilicon layer 26 diffuses evenly thereby 
forming the P+ polysilicon layer 104B uniformly doped with 
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boron in the peripheral PMOS region. The phosphorous and 
boron ions are implanted into the N+ polysilicon layer 104A 
and the P+ polysilicon layer 104B with a dose of at most 
1E16/cm. 
Through the above process, the P-doped N+ polysilicon 

layer 104A is formed in the cell array region and the periph 
eral NMOS region, and simultaneously the B-doped P+ poly 
silicon layer 104B is formed in the peripheral PMOS region, 
whereby a dual polysilicon gate structure is obtained. 

Although the PSG pattern 27B exists inside the P-doped 
N+ polysilicon, the PSG pattern 27B is disposed inside the 
recessed channel region 24 so that the PSG pattern 27B does 
not have an effect on the device characteristics. 

FIG. 4 illustrates across-sectional view of a semiconductor 
device having a dual polysilicon gate in accordance with a 
second embodiment of the present invention. In the semicon 
ductor device of the second embodiment, a RCAT is formed 
in a cell array region, and a planar transistor is formed in a 
peripheral circuit region. 
As illustrated, a device isolation structure 32 is formed for 

isolating respective regions in a Substrate 31 where a cell 
array region, a peripheral NMOS region, and a peripheral 
PMOS region are defined. Here, NMOSFETs are formed in 
the cell array region and the peripheral NMOS region, and 
PMOSFETs are formed in the peripheral PMOS region. 
A recessed channel region 34 having a trench shape is 

formed in the Substrate 31 of the cell array region, and a gate 
insulating layer 35 is then formed on a surface of the substrate 
31 including the recessed channel region 34. Herein, both 
sidewalls and the bottom surface of the recessed channel 
region 34 act as channels so that the recessed channel region 
34 provides a multi-plane channel. The gate insulating layer 
35 includes at least one selected from the group consisting of 
a silicon oxide (SiO) layer, a silicon oxynitride (SiON) layer, 
a silicon nitride (SiNa) layer, a hafnium silicate layer and a 
hafnium silioxynitride (Hf Si O N) layer. 
A P+ polysilicon layer 204A filling the recessed channel 

region 34 is formed over the cell array region and the periph 
eral PMOS region. An N-- polysilicon layer 204B is formed 
over the peripheral NMOS region. Here, the N+ polysilicon 
layer 204B is a phosphorous (P) heavily doped (N+) polysili 
con layer (P-doped N+ polysilicon layer), and the P+ poly 
silicon layer 204A is a boron-heavily doped (P+) polysilicon 
layer (B-doped P+ polysilicon layer). 

Inside the P+ polysilicon layer 204A in the recessed chan 
nel region 34, a boron silicate glass (BSG) pattern 37B is 
formed. Herein, the BSG pattern 37B is an insulating layer 
doped with boron, and has a boron concentration ranging 
from approximately 1% to approximately 20%. 

In the second embodiment, a gate electrode is formed from 
the B-doped P+ polysilicon layer 204A in both the cell array 
region and the peripheral PMOS region, and a gate electrode 
is formed from the P-doped N+ polysilicon layer 204B in the 
peripheral NMOS transistor, which makes up a dual polysili 
congate (DPG) structure. The phosphorous and boron ions 
with doses of at most 1E16/cm are implanted into the 
P-doped N+ polysilicon layer 204B and the B-doped P+ 
polysilicon layer 204A, respectively. 

Consequently, when the B-doped P+ polysilicon layer 
204A is used as the gate electrode of the cell region, the 
threshold Voltage rises because the boron concentration is 
uniformat every position, which makes it possible to prevent 
an off-leakage characteristic from being degraded. 

FIGS. 5A to 5I illustrate a method of forming the dual 
polysilicon gate in accordance with the second embodiment 
of the present invention. Referring to FIG. 5A, a device iso 
lation structure 32 is formed in a substrate 31 where a cell 
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8 
array region, a peripheral NMOS region and a peripheral 
PMOS region are defined. Here, NMOSFETs are formed in 
the cell array region and the peripheral NMOS region, and 
PMOSFETs are formed in the peripheral PMOS region. The 
device isolation structure 32 is formed by a typical shallow 
trench isolation (STI) process. 

After forming a hard mask layer on the resultant structure, 
the hard mask layer is patterned to form a hard mask pattern 
33 defining a recessed channel region in the substrate 31 of 
the cell array region. Here, the hard mask layer is formed of a 
dielectric material such as silicon oxide (SiO). 
The substrate 31 of the cell array region is etched using the 

hard mask pattern 33 as an etch barrier to form a recessed 
channel region 34 having a trench shape. Both sidewalls and 
the bottom surface of the recessed channel region 34 act as 
channels so that the recessed channel region 34 provides a 
multi-plane channel. 

Referring to FIG. 5B, the hard mask pattern 33 is removed. 
Specifically, the hard mask pattern 33 is removed by wet 
cleaning process using buffered oxide etchant (BOE) or 
hydrofluoric acid (HF) solution because the hard mask is 
formed of silicon oxide. Herein, the BOE solution is a solu 
tion in which NHF and HF are mixed. 
A gate insulating layer 35 is formed on the resultant struc 

ture including the recessed channel region34. The gate insu 
lating layer 35 includes at least one selected from the group 
consisting of a silicon oxide (SiO2) layer, a silicon oxynitride 
(SiON) layer, a silicon nitride (SiN) layer, a hafnium sili 
cate layer and a hafnium silioxynitride (Hf Si O N) 
layer. 
A first undoped polysilicon layer 36 is deposited on the 

gate insulating layer 35. In detail, the first undoped polysili 
con layer 36 is conformally deposited on the gate insulating 
layer 35, wherein the thickness of the first undoped polysili 
con layer 36 should be smaller than half the width of the 
recessed channel region 34. The first undoped polysilicon 
layer 36 may be deposited to a thickness ranging from 
approximately 30 A to approximately 500 A at a deposition 
temperature ranging from approximately 450° C. to approxi 
mately 650° C. 

Referring to FIG. 5C, a boron (B) doped insulating layer 37 
(e.g., BSG) is formed over the first undoped polysilicon layer 
36. In the BSG layer37, boron concentration is in the range of 
approximately 1% to approximately 20%. 

Referring to FIG.5D, a photomask process is performed on 
the BSG layer 37 to form a first photoresist pattern 38 expos 
ing the peripheral NMOS region. Whereas, the cell array 
region and the peripheral PMOS region are still covered with 
the BSG layer 37. 
The BSG layer 37 of the peripheral PMOS region exposed 

by the first photoresist pattern 38 is selectively etched. The 
BSG layer 37 is etched by a dry-etching or wet-etching pro 
cess, and thus a residual BSG layer37A remains only over the 
cell array region and the peripheral PMOS region. 

Referring to FIG. 5E, the first photoresist pattern 38 is 
removed. A first high-temperature thermal treatment 200 is 
performed to diffuse impurities (i.e., boron, see reference 
symbol B in FIG.5E) existing in the residual BSG layer 37A 
into the first undoped polysilicon layer 36. Here, a reference 
numeral 201 denotes the diffusion direction of boron. 
As a result, the first undoped polysilicon layer36 of the cell 

array region and the peripheral PMOS region is converted 
into a B-doped polysilicon layer 36A. On the contrary, the 
first undoped polysilicon layer 36 still remains over the 
peripheral NMOS region as it is not being doped with boron. 
Therefore, an interface between the B-doped polysilicon 
layer 36A and the first undoped polysilicon layer 36 is formed 
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over the device isolation structure 32 disposed between the 
peripheral NMSO region and the peripheral PMOS region, 
and between the cell array region and the peripheral NMOS 
region. 
The first high-temperature thermal treatment 200 for boron 

diffusion is performed at a temperature ranging from approxi 
mately 600° C. to approximately 1,000°C. for approximately 
10 seconds to approximately 60 minutes such that boron 
sufficiently diffuses into the first undoped polysilicon layer 
36 inside the recessed channel region 34. In addition, since 
the residual BSG layer 27A is formed on the first undoped 
polysilicon layer 36 inside the recessed channel region 34, 
boron sufficiently diffuses around the bottom of the recessed 
channel region 34. 

Referring to FIG. 5F, a portion of the residual BSG layer 
37A which is higher than the B-doped polysilicon layer 36A 
is removed through a dry-etching or wet-etching process to 
expose the B-doped polysilicon layer 36A so that a BSG 
pattern 37B only remains inside the recessed channel region 
34 of the cell array region. Herein, the wet-etching process is 
performed using a chemical containing HF, and the dry-etch 
ing process is performed using a mixed gas of CF and O. 

Thus, the BSG pattern 37B has a shape that fills the 
recessed channel region 34 of the cell array region. The BSG 
pattern 37B will play a role in preventing a gap-fill failure 
when depositing a second undoped polysilicon layer. 

Referring to FIG.5G, a second undoped polysilicon layer 
36B is formed on the resultant structure including the BSG 
pattern 37B and the B-doped polysilicon layer 36A. The 
second undoped polysilicon layer36B is deposited to a thick 
ness ranging from approximately 100 A to approximately 
2,000 A at a deposition temperature ranging from approxi 
mately 450° C. to approximately 650° C. By depositing the 
second undoped polysilicon layer 36B, the BSG pattern 37B 
has a shape that fills an inner space formed by the B-doped 
polysilicon layer 36A and the second undoped polysilicon 
layer 36B. 

Referring to FIG.5H, a photomask process is performed to 
form a second photoresist pattern 39 selectively exposing the 
second undoped polysilicon layer 36B of the peripheral 
NMOS region. 
A phosphorous ion implantation 202 is performed on only 

the second undoped polysilicon layer 36B of the peripheral 
NMOS region. Thus, the second undoped polysilicon layer 
36B of the peripheral NMOS region and the first undoped 
polysilicon layer 36 are converted into a phosphorous-doped 
polysilicon layer 36C. However, the second undoped poly 
silicon layer 36B in the cell array region and the peripheral 
PMOS region is left intact. 

Herein, the dose of the phosphorous ion implantation is at 
most 1E16/cm. In particular, the dose of the phosphorousion 
implantation may range from approximately 3E15/cm to 
approximately 1E16/cm. Since the phosphorous ion implan 
tation is performed only on the second undoped polysilicon 
layer 36B which is not doped with any dopant, it is unneces 
sary to perform a counter-doping, which is different from the 
typical method. Therefore, it is possible to implant high con 
centration phosphorous ions in spite of low doses ranging 
from approximately 3E15/cm to approximately 1E16/cm, 
which provides an advantageous effect of preventing the sec 
ond photoresist pattern 39 from being cured. 

Meanwhile, phosphorous ions are also implanted into the 
first undoped polysilicon layer 36 which remains over the 
peripheral NMOS region as it is not being doped with boron. 

Referring to FIG.5I, the second photoresist pattern 39 is 
removed and a second high-temperature thermal treatment 
203 is then performed to form a P+ polysilicon layer 204A in 
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10 
the cell array region and the peripheral PMOS region, and 
form an N+ polysilicon layer 204B in the peripheral NMOS 
region. The second high-temperature thermal treatment 203 
may be performed at a temperature ranging from approxi 
mately 600° C. to approximately 1,000°C. for approximately 
10 seconds to approximately 60 minutes. 

In detail, by means of the second high-temperature thermal 
treatment 203, the boron in the BSG pattern 37B and the 
B-doped polysilicon layer 36A diffuses into the second 
undoped polysilicon layer36B evenly thereby forming the P+ 
polysilicon layer 204A uniformly doped with boron in the 
cell array region and the peripheral PMOS region. Also, by 
means of the second high-temperature thermal treatment 203, 
the phosphorous in the P-doped polysilicon layer 36C and the 
first undoped polysilicon layer 36 diffuses evenly thereby 
forming the N+ polysilicon layer 204B uniformly doped with 
phosphorous in the peripheral NMOS region. The phospho 
rous and boron ions are respectively implanted into the N+ 
polysilicon layer 204B and the P+ polysilicon layer 204A 
with a dose of at most 1E16/cm. 

Through the above process, the B-doped P+ polysilicon 
layer 204A is formed in the cell array region and the periph 
eral PMOS region, and simultaneously the P-doped N+ poly 
silicon layer 204B is formed in the peripheral NMOS region, 
whereby a dual polysilicon gate structure is obtained. 

Although the BSG pattern 37B exists inside the B-doped 
P+ polysilicon, the BSG pattern 37B is disposed inside the 
recessed channel region 34 so that the BSG pattern 37B does 
not have an effect on the device characteristics. 

Consequently, when the B-doped P+ polysilicon layer 
204A is used as the gate electrode of the cell region, the 
threshold voltage rises because the boron concentration is 
uniform at every position, which makes it possible to prevent 
an off-leakage characteristic from being degraded. 

FIG. 6 illustrates across-sectional view of a semiconductor 
device having a dual polysilicon gate in accordance with a 
third embodiment of the present invention. In the semicon 
ductor device of the third embodiment, a bulb-type recess 
channel array transistor is formed in a cell array region, and a 
planar transistor is formed in a peripheral circuit region. 
As illustrated, a device isolation structure 42 is formed for 

isolating regions in a Substrate 41 where a cell array region, a 
peripheral NMOS region, and a peripheral PMOS region are 
defined. Here, NMOSFETs are formed in the cell array region 
and the peripheral NMOS region, and PMOSFETs are 
formed in the peripheral PMOS region. 
A bulb-type recess channel region 44 configured with a 

neck pattern 44A and a ball pattern 44B is formed in the 
Substrate 41 of the cell array region, and a gate insulating 
layer 45 is then formed on a surface of the substrate 41 
including the bulb-type recess channel region 44. Herein, 
both sidewalls and the bottom surface of the bulb-type recess 
channel region 44 act as channels so that the bulb-type recess 
channel region 44 provides a multi-plane channel. The gate 
insulating layer 45 includes at least one selected from the 
group consisting of a silicon oxide (SiO) layer, a silicon 
oxynitride (SiON) layer, a silicon nitride (SiNa) layer, a 
hafnium silicate layer and a hafnium silioxynitride (Hf Si 
O N) layer. 
An N+ polysilicon layer 304A filling the bulb-type recess 

channel region 44 is formed over the cell array region and the 
peripheral NMOS region. A P+ polysilicon layer 304B is 
formed over the peripheral PMOS region. Here, the N+ poly 
silicon layer 304A is a phosphorous (P) heavily doped (N+) 
polysilicon layer (P-doped N+ polysilicon layer), and the P+ 
polysilicon layer 304B is a boron-heavily doped (P+) poly 
silicon layer (B-doped P+ polysilicon layer). 
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Inside the N+ polysilicon layer 304A in the bulb-type 
recess channel region 44, a PSG pattern 27B is formed. 
Herein, the PSG pattern 27B is an insulating layer doped with 
phosphorous, and has a phosphorous concentration ranging 
from approximately 1% to approximately 20%. 

In the third embodiment, a gate electrode is formed from 
the P-doped N+ polysilicon layer 304A in both the cell array 
region and the peripheral NMOS region, and a gate electrode 
is formed from the B-doped P+ polysilicon layer 304B in the 
peripheral PMOS transistor, which makes up a dual polysili 
congate (DPG) structure. The phosphorous and boron ions, 
with doses of at most 1E16/cm, are implanted into the 
P-doped N+ polysilicon layer 304A and the B-doped P+ 
polysilicon layer 304B, respectively. 

FIGS. 7A to 7H illustrate a method of forming the dual 
polysilicon gate in accordance with the third embodiment of 
the present invention. Referring to FIG. 7A, a device isolation 
structure 42 is formed in a substrate 41 where a cell array 
region, a peripheral NMOS region and a peripheral PMOS 
region are defined. Here, NMOSFETs are formed in the cell 
array region and the peripheral NMOS region, and PMOS 
FETs are formed in the peripheral PMOS region. The device 
isolation structure 42 is formed by a typical shallow trench 
isolation (STI) process. 
The substrate 41 of the cell array region is etched to form a 

bulb-type recess channel region 44 with a neck pattern 44A 
having a trench shape, and a ball pattern 44B. Here, the ball 
pattern 44B has a spherical shape with a width greater than 
that of the neck pattern 44A. Therefore, the bulb-type recess 
channel 44 provides a multi-plane channel, and has a longer 
channel length than the recess channel region. 
A gate insulating layer 45 is formed on the resultant struc 

ture including the bulb-type recess channel region 44. The 
gate insulating layer 45 includes at least one selected from the 
group consisting of a silicon oxide (SiO) layer, a silicon 
oxynitride (SiON) layer, a silicon nitride (SiNa) layer, a 
hafnium silicate layer and a hafnium silioxynitride (Hf Si 
O N) layer. 
A first undoped polysilicon layer 46 is deposited on the 

gate insulating layer 45. In detail, the first undoped polysili 
con layer 46 is conformally deposited on the gate insulating 
layer 45, wherein the thickness of the first undoped polysili 
con layer 46 should be smaller than half the width of the neck 
pattern 44A of the bulb-type recess channel region 44. The 
first undoped polysilicon layer 46 may be deposited to a 
thickness ranging from approximately 30 A to approximately 
500 A at a deposition temperature ranging from approxi 
mately 450° C. to approximately 650° C. 

Referring to FIG. 7B, a phosphorous-doped insulating 
layer 47 (e.g., PSG) is formed over the first undoped polysili 
con layer 46. In the PSG layer 47, the phosphorous concen 
tration is in the range of approximately 1% to approximately 
20%. 

Referring to FIG.7C, a photomask process is performed on 
the PSG layer 47 to form a first photoresist pattern 48 expos 
ing the peripheral PMOS region. Whereas, the cell array 
region and the peripheral NMOS region are still covered with 
the PSG layer 47. 

The PSG layer 47 of the peripheral PMOS region exposed 
by the first photoresist pattern 48 is selectively etched. The 
PSG layer 47 is etched by a dry-etching or wet-etching pro 
cess, and thus a residual PSG layer 47A remains only over the 
cell array region and the peripheral NMOS region. 

Referring to FIG. 7D, the first photoresist pattern 48 is 
removed. A first high-temperature thermal treatment 300 is 
performed to diffuse impurities (i.e., phosphorous, see refer 
ence symbol P in FIG. 7D) existing in the residual PSG layer 
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47A into the first undoped polysilicon layer 46. Here, a ref 
erence numeral 301 denotes the diffusion direction of phos 
phorous. 
As a result, the first undoped polysilicon layer 46 of the cell 

array region and the peripheral NMOS region is converted 
into a P-doped polysilicon layer 46A. On the contrary, the first 
undoped polysilicon layer 46 still remains over the peripheral 
PMOS region as it is not being doped with phosphorous. 
Therefore, an interface between the P-doped polysilicon layer 
46A and the first undoped polysilicon layer 46 is formed over 
the device isolation structure 42 disposed between the periph 
eral NMSO region and the peripheral PMOS region. 
The first high-temperature thermal treatment 300 for phos 

phorous diffusion is performed at a temperature ranging from 
approximately 600° C. to approximately 1,000° C. for 
approximately 10 seconds to approximately 60 minutes Such 
that phosphorous sufficiently diffuses into the first undoped 
polysilicon layer 46 inside the bulb-type recess channel 
region 44. In addition, since the residual PSG layer 47A is 
formed on the first undoped polysilicon layer 46 inside the 
bulb-type recess channel region 44, phosphorous Sufficiently 
diffuses around the bottom of the bulb-type recess channel 
region 44. 

Referring to FIG. 7E, a portion of the residual PSG layer 
47A which is higher than the P-doped polysilicon layer 46A 
is removed through a dry-etching or wet-etching process to 
expose the P-doped polysilicon layer 46A so that a PSG 
pattern 47B only remains inside the bulb-type recess channel 
region 44 of the cell array region. Herein, the wet-etching 
process is performed using a chemical containing HF, and the 
dry-etching process is performed using a mixed gas of CF 
and O. 

Thus, the PSG pattern 47B has a shape that fills the bulb 
type recess channel region 44 of the cell array region. The 
PSG pattern 47B will play a role in preventing a gap-fill 
failure when depositing a second undoped polysilicon layer. 

Referring to FIG. 7F, a second undoped polysilicon layer 
46B is formed on the resultant structure including the PSG 
pattern 47B and the P-doped polysilicon layer 46A. The sec 
ond undoped polysilicon layer 46B is deposited to a thickness 
ranging from approximately 100 A to approximately 2,000 A 
at a deposition temperature ranging from 450° C. to approxi 
mately 650° C. By depositing the second undoped polysilicon 
layer 46B, the PSG pattern 47B has a shape that fills an inner 
space formed by the P-doped polysilicon layer 46A and the 
second undoped polysilicon layer 46B. 

Referring to FIG.7G, a photomask process is performed to 
form a second photoresist pattern 49 selectively exposing the 
second undoped polysilicon layer 46B of the peripheral 
PMOS region. 
A boron ion implantation 302 is performed on only the 

second undoped polysilicon layer 46B of the peripheral 
PMOS region. Thus, the second undoped polysilicon layer 
46B of the peripheral PMOS region and the first undoped 
polysilicon layer 46 are converted into a boron (B) doped 
polysilicon layer 46C. However, the second undoped poly 
silicon layer 46B in the cell array region and the peripheral 
NMOS region is left intact. 

Herein, the dose of the boron ion implantation is at most 
1E16/cm. In particular, the dose of the boron ion implanta 
tion may range from approximately 3E15/cm to approxi 
mately 1E16/ad. Since the boron ion implantation 302 is 
performed only on the second undoped polysilicon layer 46B 
which is not doped with any dopant, it is unnecessary to 
perform a counter-doping, which is different from the typical 
method. Therefore, it is possible to implant high concentra 
tion boron ions in spite of low doses ranging from approxi 
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mately 3E15/cm to approximately 1E16/cm, which pro 
vides an advantageous effect of preventing the second 
photoresist pattern 49 from being cured. 

Meanwhile, boron ions are also implanted into the first 
undoped polysilicon layer 46 which remains over the periph 
eral PMOS region as it is not being doped with phosphorous. 

Referring to FIG. 7H, the second photoresist pattern 49 is 
removed and a second high-temperature thermal treatment 
303 is then performed to form an N+ polysilicon layer 304A 
in the cell array region and the peripheral NMOS region, and 
form a P+ polysilicon layer 304B in the peripheral PMOS 
region. The second high-temperature thermal treatment 303 
may be performed at a temperature ranging from approxi 
mately 600° C. to approximately 1,000°C. for approximately 
10 seconds to approximately 60 minutes. 

In detail, by means of the second high-temperature thermal 
treatment 303, the phosphorous in the PSG pattern 47B and 
the P-doped polysilicon layer 46A diffuses into the second 
undoped polysilicon layer 46B evenly thereby forming the 
N+ polysilicon layer 304A uniformly doped with phospho 
rous in the cell array region and the peripheral NMOS region. 
Also, by means of the second high-temperature thermal treat 
ment 303, the boron in the B-doped polysilicon layer 46C and 
the first undoped polysilicon layer 46 diffuses evenly thereby 
forming the P+ polysilicon layer 304B uniformly doped with 
boron in the peripheral PMOS region. The phosphorous and 
boronions are respectively implanted into the N+ polysilicon 
layer 304A and the P+ polysilicon layer 304B with a dose of 
at most 1E16/cm. 

Through the above process, the P-doped N+ polysilicon 
layer 304A is formed in the cell array region and the periph 
eral NMOS region, and simultaneously the B-doped P+ poly 
silicon layer 304B is formed in the peripheral PMOS region, 
whereby a dual polysilicon gate structure is obtained. 

Although the PSG pattern 47B exists inside the P-doped 
N+ polysilicon, the PSG pattern 47B is disposed inside the 
bulb-type recess channel region 44 so that the PSG pattern 
47B does not have an effect on the device characteristics. 

FIG. 8 illustrates across-sectional view of a semiconductor 
device having a dual polysilicon gate in accordance with a 
fourth embodiment of the present invention. In the semicon 
ductor device of the fourth embodiment, a bulb-type recess 
channel array transistor is formed in a cell array region, and a 
planar transistor is formed in a peripheral circuit region. 
As illustrated, a device isolation structure 52 is formed for 

isolating regions in a Substrate 51 where a cell array region, a 
peripheral NMOS region, and a peripheral PMOS region are 
defined. Here, NMOSFETs are formed in the cell array region 
and the peripheral NMOS region, and PMOSFETs are 
formed in the peripheral PMOS region. 
A bulb-type recess channel region 54 configured with a 

neck pattern 54A and a ball pattern 54B is formed in the 
Substrate 51 of the cell array region, and a gate insulating 
layer 55 is then formed on a surface of the substrate 51 
including the bulb-type recess channel region 54. Herein, 
both sidewalls and the bottom surface of the bulb-type recess 
channel region 54 act as channels so that the bulb-type recess 
channel region 54 provides a multi-plane channel. The gate 
insulating layer 55 includes at least one selected from the 
group consisting of a silicon oxide (SiO2) layer, a silicon 
oxynitride (SiON) layer, a silicon nitride (SiN) layer, a 
hafnium silicate layer and a hafnium silioxynitride (Hf Si 
O N) layer. 
A P+ polysilicon layer 404A filling the bulb-type recess 

channel region 54 is formed over the cell array region and the 
peripheral PMOS region. An N-- polysilicon layer 404B is 
formed over the peripheral NMOS region. Here, the N+ poly 
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silicon layer 404B is a phosphorous (P) heavily doped (N+) 
polysilicon layer (P-doped N+ polysilicon layer), and the P+ 
polysilicon layer 404A is a boron-heavily doped (P+) poly 
silicon layer (B-doped P+ polysilicon layer). 

Inside the P+ polysilicon layer 404A in the bulb-type 
recess channel region 54, a boron silicate glass (BSG) pattern 
57B is formed. Herein, the BSG pattern 57B is an insulating 
layer doped with boron, and has a boron concentration rang 
ing from approximately 1% to approximately 20%. 

In the fourth embodiment, a gate electrode is formed from 
the B-doped P+ polysilicon layer 404A in both the cell array 
region and the peripheral PMOS region, and a gate electrode 
is formed from the P-doped N+ polysilicon layer 404B in the 
peripheral NMOS transistor, which makes up a dual polysili 
congate (DPG) structure. The phosphorous and boron ions 
with doses of at most 1E16/cm are implanted into the 
P-doped N+ polysilicon layer 404B and the B-doped P+ 
polysilicon layer 404A, respectively. 

Consequently, when the B-doped P+ polysilicon layer 
404A is used as the gate electrode of the cell region, the 
threshold Voltage rises because the boron concentration is 
uniform at every position, which makes it possible to prevent 
an off-leakage characteristic from being degraded. 

FIGS. 9A to 9H illustrate a method of forming the dual 
polysilicon gate in accordance with the fourth embodiment of 
the present invention. Referring to FIG.9A, a device isolation 
structure 52 is formed in a substrate 51 where a cell array 
region, a peripheral NMOS region and a peripheral PMOS 
region are defined. Here, NMOSFETs are formed in the cell 
array region and the peripheral NMOS region, and PMOS 
FETs are formed in the peripheral PMOS region. The device 
isolation structure 52 is formed by a typical shallow trench 
isolation (STI) process. 

After forming a hard mask layer on the resultant structure, 
the hard mask layer is patterned to form a hard mask pattern 
33 defining a recessed channel region in the substrate 51 of 
the cell array region. Here, the hard mask layer is formed of a 
dielectric material such as silicon oxide (SiO). 
The substrate 51 of the cell array region is etched to form a 

bulb-type recess channel region 54 configured with a neck 
pattern 54A having a trench shape, and a ball pattern 54B. 
Here, the ball pattern 54B has a spherical shape with a width 
greater than that of the neck pattern 54A. Therefore, the 
bulb-type recess channel region 54 provides a multi-plane 
channel, and has a longer channel length than the recess 
channel region. 
A gate insulating layer 55 is formed on the resultant struc 

ture including the bulb-type recess channel region 54. The 
gate insulating layer 55 includes at least one selected from the 
group consisting of a silicon oxide (SiO2) layer, a silicon 
oxynitride (SiON) layer, a silicon nitride (SiNa) layer, a 
hafnium silicate layer and a hafnium silioxynitride (Hf Si 
O N) layer. 
A first undoped polysilicon layer 56 is deposited on the 

gate insulating layer 55. In detail, the first undoped polysili 
con layer 56 is conformally deposited on the gate insulating 
layer 55, wherein the thickness of the first undoped polysili 
con layer 56 should be smaller than half the width of the neck 
pattern 54A of the bulb-type recess channel region 54. The 
first undoped polysilicon layer 56 may be deposited to a 
thickness ranging from approximately 30 A to approximately 
500 A at a deposition temperature ranging from approxi 
mately 450° C. to approximately 650° C. 

Referring to FIG.9B, a boron (B) doped insulating layer 
57, e.g., BSG, is formed over the first undoped polysilicon 
layer 56. In the BSG layer 57, the boron concentration is in the 
range of approximately 1% to approximately 20%. 
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Referring to FIG.9C, a photomask process is performed on 
the BSG layer 57 to form a first photoresist pattern 58 expos 
ing the peripheral NMOS region. Whereas, the cell array 
region and the peripheral PMOS region are still covered with 
the BSG layer 57. 
The BSG layer 57 of the peripheral PMOS region exposed 

by the first photoresist pattern 58 is selectively etched. The 
BSG layer 57 is etched by a dry-etching or wet-etching pro 
cess, and thus a residual BSG layer 57A remains only over the 
cell array region and the peripheral PMOS region. 

Referring to FIG. 9D, the first photoresist pattern 58 is 
removed. A first high-temperature thermal treatment 400 is 
performed to diffuse impurities (i.e., boron) existing in the 
residual BSG layer 57A into the first undoped polysilicon 
layer 56. Here, a reference numeral 401 denotes the diffusion 
direction of boron. 
As a result, the first undoped polysilicon layer 56 of the cell 

array region and the peripheral PMOS region is converted 
into a B-doped polysilicon layer 56A. On the contrary, the 
first undoped polysilicon layer 56 still remains over the 
peripheral NMOS region as it is not being doped with boron. 
Therefore, an interface between the B-doped polysilicon 
layer 56A and the first undoped polysilicon layer 56 is formed 
over the device isolation structure 52 disposed between the 
peripheral NMSO region and the peripheral PMOS region, 
and between the cell array region and the peripheral NMOS 
region. 
The first high-temperature thermal treatment 400 for dif 

fusing boron is performed at a temperature ranging from 
approximately 600° C. to approximately 1,000° C. for 
approximately 10 seconds to approximately 60 minutes Such 
that boron sufficiently diffuses into the first undoped polysili 
con layer 56 inside the bulb-type recess channel region 54. In 
addition, since the residual BSG layer 57A is formed on the 
first undoped polysilicon layer 56 inside the bulb-type recess 
channel region 54, boron sufficiently diffuses around the bot 
tom of the bulb-type recess channel region 54. 

Referring to FIG.9E, a portion of the residual BSG layer 
57A which is higher than the B-doped polysilicon layer 56A 
is removed through a dry-etching or wet-etching process to 
expose the B-doped polysilicon layer 56A so that a BSG 
pattern 57B only remains inside the bulb-type recess channel 
region 54 of the cell array region. Herein, the wet-etching 
process is performed using a chemical containing HF, and the 
dry-etching process is performed using a mixed gas of CF 
and O. 

Thus, the BSG pattern 57B has a shape that fills the bulb 
type recess channel region 54 of the cell array region. The 
BSG pattern 57B will play a role in preventing a gap-fill 
failure when depositing a second undoped polysilicon layer. 

Referring to FIG.9F, a second undoped polysilicon layer 
56B is formed on the resultant structure including the BSG 
pattern 57B and the B-doped polysilicon layer 56A. The 
second undoped polysilicon layer 56B is deposited to a thick 
ness ranging from approximately 100 A to approximately 
2,000 A at a deposition temperature ranging from approxi 
mately 450° C. to approximately 650° C. By depositing the 
second undoped polysilicon layer 56B, the BSG pattern 57B 
has a shape that fills an inner space formed by the B-doped 
polysilicon layer 56A and the second undoped polysilicon 
layer 56B. 

Referring to FIG.9G, a photomask process is performed to 
form a second photoresist pattern 59 selectively exposing the 
second undoped polysilicon layer 56B of the peripheral 
NMOS region. 
A phosphorous ion implantation 402 is performed on only 

the second undoped polysilicon layer 56B of the peripheral 
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NMOS region. Thus, the second undoped polysilicon layer 
56B of the peripheral NMOS region and the first undoped 
polysilicon layer 56 are converted into a phosphorous-doped 
polysilicon layer 56C. However, the second undoped poly 
silicon layer 56B in the cell array region and the peripheral 
PMOS region is left intact. 

Herein, a dose of the phosphorous ion implantation is at 
most 1E16/cm. In particular, the dose of the phosphorousion 
implantation may range from approximately 3E15/cm to 
approximately 1E16/Cm. Since the phosphorous ion 
implantation is performed only on the second undoped poly 
silicon layer 56B which is not doped with any dopant, it is 
unnecessary to perform a counter-doping. Therefore, it is 
possible to implant high concentration phosphorous ions in 
spite of low doses ranging from approximately 3E15/cm to 
approximately 1E16/cm, which provides an advantageous 
effect of preventing the second photoresist pattern 59 from 
being cured. 

Meanwhile, phosphorous ions are also implanted into the 
first undoped polysilicon layer 56 which remains over the 
peripheral NMOS region as it is not being doped with boron. 

Referring to FIG. 9H, the second photoresist pattern 59 is 
removed and a second high-temperature thermal treatment 
403 is then performed to form a P+ polysilicon layer 404A in 
the cell array region and the peripheral PMOS region, and 
form an N+ polysilicon layer 404B in the peripheral NMOS 
region. The second high-temperature thermal treatment 403 
may be performed at a temperature ranging from approxi 
mately 600° C. to approximately 1,000°C. for approximately 
10 seconds to approximately 60 minutes. 

In detail, by means of the second high-temperature thermal 
treatment 203, the boron in the BSG pattern 57B and the 
B-doped polysilicon layer 56A diffuses into the second 
undoped polysilicon layer 56B evenly thereby forming the P+ 
polysilicon layer 404A uniformly doped with boron in the 
cell array region and the peripheral PMOS region. Also, by 
means of the second high-temperature thermal treatment 403, 
the phosphorous in the P-doped polysilicon layer 56C and in 
the first undoped polysilicon layer 56 diffuses evenly thereby 
forming the N+ polysilicon layer 404B uniformly doped with 
phosphorous in the peripheral NMOS region. The phospho 
rous and boron ions are respectively implanted into the N+ 
polysilicon layer 404B and the P+ polysilicon layer 404A 
with a dose of at most 1E16/cm. 

Through the above process, the B-doped P+ polysilicon 
layer 404A is formed in the cell array region and the periph 
eral PMOS region, and simultaneously the P-doped N+ poly 
silicon layer 404B is formed in the peripheral NMOS region, 
whereby a dual polysilicon gate structure is obtained. 

Although the BSG pattern 57B exists inside the B-doped 
P+ polysilicon, the BSG pattern 57B is disposed inside the 
bulb-type recess channel region 54 so that the BSG pattern 
57B does not have an effect on the device characteristics. 

Consequently, when the B-doped P+ polysilicon layer 
404A is used as the gate electrode of the cell region, the 
threshold Voltage rises because the boron concentration is 
uniform at every position, which makes it possible to prevent 
an off-leakage characteristic from being degraded. 

FIG.10 illustrates a cross-sectional view of a semiconduc 
tor device having a dual polysilicon gate in accordance with a 
fifth embodiment of the present invention. In the semicon 
ductor device of the fifth embodiment, a FinFET is formed in 
a cell array region, and a planar transistor is formed in a 
peripheral circuit region. 
As illustrated, a device isolation structure 62 is formed for 

isolating regions in a Substrate 61 where a cell array region, a 
peripheral NMOS region, and a peripheral PMOS region are 
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defined. Here, NMOSFETs are formed in the cell array region 
and the peripheral NMOS region, and PMOSFETs are 
formed in the peripheral PMOS region. 

Afin shaped channel region 63 is formed in the substrate 61 
of the cell array region Such that it protrudes upward, and a 
gate insulating layer 64 is then formed on a surface of the 
substrate 61 including the fin shaped channel region 63. 
Herein, both sidewalls and the bottom surface of the fin 
shaped channel region 63 act as channels so that the fin 
shaped channel region 63 provides a multi-plane channel. 
The gate insulating layer 64 includes at least one selected 
from the group consisting of a silicon oxide (SiO2) layer, a 
silicon oxynitride (SiON) layer, a silicon nitride (SiNa) 
layer, a hafnium silicate layer and a hafnium silioxynitride 
(Hf Si-O-N) layer. 
A P+ polysilicon layer 501A encompassing both sides of 

the fin shaped channel region 63 is formed over the cell array 
region and the peripheral PMOS region. An N-- polysilicon 
layer 501B is formed over the peripheral NMOS region. Here, 
the N+ polysilicon layer 501B is a phosphorous (P) heavily 
doped (N+) polysilicon layer (P-doped N+ polysilicon layer), 
and the P+ polysilicon layer 501A is a boron-heavily doped 
(P+) polysilicon layer (B-doped P+ polysilicon layer). 

Inside the P+ polysilicon layer 501A outside the fin shaped 
channel region 63, a BSG pattern is formed. Herein, the BSG 
pattern is an insulating layer doped with boron, and has a 
boron concentration ranging from approximately 1% to 
approximately 20%. 

In the fifth embodiment, a gate electrode is formed from the 
B-doped P+ polysilicon layer 501A in both the cell array 
region and the peripheral PMOS region, and a gate electrode 
is formed from the P-doped N+ polysilicon layer 501B in the 
peripheral NMOS transistor, which makes up a dual polysili 
congate (DPG) structure. The phosphorous and boron ions 
with doses of at most 1E16/cm are implanted into the 
P-doped N+ polysilicon layer 501B and the B-doped P+ 
polysilicon layer 501A, respectively. 

Consequently, when the B-doped P+ polysilicon layer 
501A is used as the gate electrode of the cell region, the 
threshold Voltage rises because the boron concentration is 
uniformat every position, which makes it possible to prevent 
an off-leakage characteristic from being degraded. 

FIG. 11 illustrates a cross-sectional view of a semiconduc 
tor device having a dual polysilicon gate in accordance with a 
sixth embodiment of the present invention. In the semicon 
ductor device of the sixth embodiment, a FinFET is formed in 
a cell array region, and a planar transistor is formed in a 
peripheral circuit region. 
As illustrated, a device isolation structure 72 is formed for 

isolating regions in a Substrate 71 where a cell array region, a 
peripheral NMOS region, and a peripheral PMOS region are 
defined. Here, NMOSFETs are formed in the cell array region 
and the peripheral NMOS region, and PMOSFETs are 
formed in the peripheral PMOS region. 

Afin shaped channel region 73 is formed in the substrate 71 
of the cell array region Such that it protrudes upward, and a 
gate insulating layer 74 is then formed on the surface of the 
substrate 71 including the fin shaped channel region 73. 
Herein, both sidewalls and the bottom surface of the fin 
shaped channel region 73 act as channels so that the fin 
shaped channel region 73 provides a multi-plane channel. 
The gate insulating layer 74 includes at least one selected 

from the group consisting of a silicon oxide (SiO2) layer, a 
silicon oxynitride (SiON) layer, a silicon nitride (SiNa) 
layer, a hafnium silicate layer and a hafnium silioxynitride 
(Hf Si-O-N) layer. 
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An N-- polysilicon layer 601A encompassing both sides of 

the fin shaped channel region 73 is formed over the cell array 
region and the peripheral NMOS region. An N+ polysilicon 
layer 601B is formed over the peripheral PMOS region. Here, 
the N+ polysilicon layer 601A is a phosphorous (P) heavily 
doped (N+) polysilicon layer (P-doped N+ polysilicon layer), 
and the P+ polysilicon layer 601B is a boron-heavily doped 
(P+) polysilicon layer (B-doped P+ polysilicon layer). 

Inside the N+ polysilicon layer 601A outside the fin shaped 
channel region 73, a PSG pattern is formed. Herein, the PSG 
pattern is an insulating layer doped with phosphorous, and 
has phosphorous concentration ranging from approximately 
1% to approximately 20%. 

In the sixth embodiment, a gate electrode is formed from 
the P-doped N+ polysilicon layer 601A in both the cell array 
region and the peripheral NMOS region, and a gate electrode 
is formed from the B-doped P+ polysilicon layer 601B in the 
peripheral PMOS transistor, which makes up a dual polysili 
congate (DPG) structure. The phosphorous and boron ions 
with doses of at most 1E16/cm are implanted into the 
P-doped N+ polysilicon layer 601A and the B-doped P+ 
polysilicon layer 601B, respectively. 

In the fifth and sixth embodiments, there are illustrated the 
dual gate structure including the FinFET having the fin 
shaped channel which is known as a multi-plane channel Such 
as the recessed channel and bulb-type recess channel. As 
described in the first to fourth embodiments, methods for 
fabricating the dual gate structure in accordance with the fifth 
and sixth embodiments may also employ the thermal treat 
ment for diffusing phosphorous and boron using the PSG 
layer and the BSG layer, the ion implantation of boron, and 
the ion implantation of phosphorous. 

In the dual polysilicon gate including the transistor having 
a channel region protruded like a fin shaped channel, the 
phosphorous and boron ions with doses of at most 1E16/cm 
(e.g., preferably approximately 3E15/cm to approximately 
1E16/cm) may be implanted into the P-doped N+ polysili 
con layer and the B-doped P+ polysilicon layer. 
The present invention can also be applied to the dual poly 

silicon gate of the memory device including a saddle shaped 
channel transistor having a protruded channel region like the 
fin shaped channel. 

In accordance with the present invention, when performing 
the dual polysilicon gate process of the transistor having a 
three-dimensional multi-plane channel such as the RCAT, the 
bulb-type recess channel array transistor, the FinFET, and the 
saddle FinFET, it is possible to realize a device having a dual 
polysilicon gate with excellent property in spite of an ion 
implantation dose of 1E16/cm or less. 

In addition, since the P+ polysilicon uniformly doped with 
P-type impurity Such as boron at every position is used as a 
gate electrode of the transistor formed in the cell region, it is 
possible to improve current drive without degradation of an 
off-leakage characteristic. 

While the present invention has been described with 
respect to the specific embodiments, it will be apparent to 
those skilled in the art that various changes and modifications 
may be made without departing from the spirit and scope of 
the invention as defined in the following claims. 

What is claimed is: 
1. A dual polysilicon gate of a semiconductor device, com 

prising: 
a Substrate including first, second, and third regions; 
a channel region with a recessed structure formed in the 

first region of the substrate; 
a gate insulating layer formed over the Substrate; 
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a first polysilicon layer filling the channel region, and 
formed over the gate insulating layer of the first and 
Second regions; 

a second polysilicon layer formed over the gate insulating 
layer only in the third region of the substrate; and 

an insulating layer doped with an impurity, and disposed 
inside the first polysilicon layer in the channel region, 

wherein the first polysilicon layer completely surrounds 
the insulating layer doped with the impurity, and 

wherein the first polysilicon layer is used as a first polysili 
congate, and the second polysilicon layer is used as a 
Second polysilicon gate. 

2. The dual polysilicon gate of claim 1, wherein the insu 
lating layer doped with the impurity includes an insulating 
layer doped with an N-type impurity. 

3. The dual polysilicon gate of claim 2, wherein the insu 
lating layer doped with the N-type impurity includes a phos 
phorous silicate glass (PSG) layer. 

4. The dual polysilicon gate of claim 3, wherein a phos 
phorous concentration in the PSG layer is no more than 
approximately 20%. 

5. The dual polysilicon gate of claim 1, wherein the insu 
lating layer doped with the impurity includes an insulating 
layer doped with a P-type impurity. 

6. The dual polysilicon gate of claim 5, wherein the insu 
lating layer doped with the P-type impurity includes a boron 
silicate glass (BSG) layer. 

7. The dual polysilicon gate of claim 6, wherein a boron 
concentration in the BSG layer is no more than approximately 
20%. 

8. The dual polysilicon gate of claim 1, wherein an N-type 
impurity is doped into the first polysilicon layer; and a P-type 
impurity is doped into the second polysilicon layer, N-type 
and P-type impurity concentrations each being no more than 
1E16/cm. 

9. The dual polysilicon gate of claim8, wherein the N-type 
impurity includes phosphorous (P); and the P-type impurity 
includes boron (B). 

10. The dual polysilicon gate of claim 8, wherein the first 
cell region is a cell array region; and the second and third 
regions are a peripheral circuit region, 

the cell array region and the second region of the peripheral 
circuit region corresponding to NMOS regions, and the 
third region of the peripheral circuit region correspond 
ing to a PMOS region. 
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11. The dual polysilicon gate of claim 1, wherein a P-type 

impurity is doped into the first polysilicon layer; and an 
N-type impurity is doped into the second polysilicon layer, 
N-type and P-type impurity concentrations each being no 
more than 1E16/cm. 

12. The dual polysilicon gate of claim 11, wherein the 
N-type impurity includes phosphorous (P); and the P-type 
impurity includes boron (B). 

13. The dual polysilicon gate of claim 11, wherein the first 
region is a cell array region; and the second and third regions 
are a peripheral circuit region, 

the cell array region and the third region of the peripheral 
circuit region corresponding to NMOS regions, and the 
second region of the peripheral circuit region corre 
sponding to a PMOS region. 

14. The dual polysilicon gate of claim 1, wherein the chan 
nel region comprises a multi-plane channel region, wherein 
the multi-plane channel region comprises a bulb-type recess 
channel region. 

15. The device of claim 1, wherein the first polysilicon 
layer is characterized by a substantially flat top surface. 

16. The device of claim 1, wherein the insulating layer, 
which is disposed inside the first polysilicon layer in the 
channel region, is characterized by a substantially flat top 
surface. 

17. A dual polysilicon gate a semiconductor device, com 
prising: 

a substrate including first, second, and third regions; 
a channel region with a recessed structure formed in the 

first region of the substrate; 
a gate insulating layer formed over the substrate; 
a first polysilicon layer filling the channel region, and 

formed over the gate insulating layer of the first and 
second regions; 

a second polysilicon layer formed over the gate insulating 
layer only in the third region of the substrate; and 

an insulating layer doped with an impurity and disposed 
inside the first polysilicon layer in the channel region, 
the insulating layer characterized by an elongated shape 
extending into the recessed structure in the substrate, the 
insulating layer further characterized by a substantially 
flat top surface, 

wherein the first polysilicon layer completely surrounds 
the insulating layer doped with the impurity. 


